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STRESS-CONCENTRMZON

2.OAND 4.0

ByH. J.Grover,S.M. Bishop,andL. R. Jackson

Thisreportpresentsresultsofadal-load
specimensofthreesheetmterials:2ks-T3m

fatiguetestsonnotched
75S-T6aluminumalloys

andnormalizedSAE4130steel.Notchesincluded:

(1)Stress-concentrationfactor2.0: Centralcircularhole,sym
metricaledgenotches,andfillets

(2)Stress-concentrationfactor4-.0:Symmetricaledgenotches
andfillets

Foreacht~e of specimen,fatiguetestswererunat severallevelsof
nominalmeanstress,includinga zeronominalmeanstress.

Fatiguestrengthsforthesenotchedspecimensarecomparedwith
valuespreviouslyreportedforunnotchedspecimensofthesamesheet
materials.

INTRODUCTION

Thisisthesecondofa seriesofreportss~rizing workonm
investigationofthefatiguestrengthsofmetalsusedinaircraftcon-
struction.Theinvestigation,conduct~at IlattelleMemorialZnstitute,
underthesponsorshipandwiththefinancialassistanceoftheNational
AdvisoryCommitteeforAeronautics,hastheobjectiveof obtaining

. extensivebasicdataonthefatiguepropertiesofthreewidelyused
sheetmaterials:24s-T3and75s-T6aluminumalloysandW 4130steel.
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2 NACATN2389

Thepreviousreport(reference1)presenteddataonunnotched
specimens.Suchdataareofinterestinreganitobasicproperties
ofthematerials,butarenotadequatefordesi~ ofstructu~lParts.
Structuresnearlyalwayshavenecessarystress-raisers,suchasholes,
cutouts,orothersham Chagesh sectionthatarecritical~ fatiwe.
Acco~Y. theinvesti~tionwasextendedto studythebehaviorof
notched~p_&&ensof
presentstheresults
typesofnotches.

Thenotchforms
infomtioncovering

the–threesheetmaterials.Thepresentreport
of fatiguetestsonsheetspecimenswithseveral

usedwerechoseninan effortto obtainsystematic
sevemlvariableswhichmightinfluencenotch

fatiguestrength.Twonotchseverities,judgedby thetheoretical
stress-concentrationfactorKtJ wereused:Kt = 2.0 and.Kt =4.0.
Forthelowerseverity,notchesofthreedifferentshapes(fillets,
edgenotches,anda circularhole)wereselected;forthe~@er se~er-
ity,twoshapes(filletsandedgenotches)wereused.Thesedifferent
notchformsaffofivariationnotonlyin stress-concentrationfactor
butalsoin stressgradientandinvolumeofhighlystressedmaterial
nearthenotch.

Someoftheresultspresentedinthefirstreportarerecapitu-
latedinthepresentreporttoal.lowdiscussionoffatigue-strength
reductioncausedby thevariousnotchforms. o

TheauthorswishtothankMr.PaulKuhn,oftheStructuresResearch
DivisionoftheLangleyAercmauticalLaboratoryoftheNACAatLangley

~

Field,Virginia,forhishelpandguidanceduringthisinvestigation,
andMr.DatidO.Leeser,.formerlyonthestaffof-tte~e Me~rial
Institute,whodidmostoftheexperimentalworkdescribedinthis
report.

~ PROCEDURES

Material
t

Thematerialsusedinthisinvestigationweresuw~ed fromselec-
tedstockretainedforthispurposeat theLangleyAeronauticalLabora-
toryoftheNACA. CouponswerecutfromO.OgO-inch-thickcommercial
sheetsof 24S-T3andof75S-T6aluminumalloysandfrom0.075-i.nch-
thickconnuercialsheetsofnormalizedWE 4130steel.Detailsof sheet
layoutaretobe foundinreference1.

static-strength
previousreport,are

properties,someofwhicharerepeatedfromthe
givenintable1. *

v
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NACATN2389

NotchedSpecimens

3

Figures1 and2 showdimensionaldrawingsofthenotchedspecimens.
Notchdimensionswerechosen,onthebasisofinfomtionavailablein
theI_iteratmandunpublishedinformationfromtheLangleyAeronautical
Laboratow,toproducetheoreticalstress-concentrationfactorsof2.0
and4.0. Notcheswerecutwithtoolsspeciallymchinedtoproducethe
contourdesiredh eachcase.Machiningcutsweresuccessivelylighter,
sothatthedepthofeachofthelasttwocutswasabout0.0005inch.
Followingmachining,specimenswerefinishedby electropolkhing,which
removedan averageofabout0.0003inchfromthesurfaceintheregion
ofthenotchandlefta surfaceestimatedtohaveaboutan8-microinch
profilometervalue.Specimenswereshadowgraphedafterelectropolishin~
Thedimensionsandtolerancesin figures1 and2 arethoseactually
measured.Itwasestimatedthaterrorsin Kt duetovariationin
notchdimensionswerenotgreaterthanthoseduetouncertaintiesin
theoreticalandphotoelasticinformationonwhichnotchdesignwas
based.

Figures3 andh showstress-coatpatternsobtainedon someofthe
notchedspecimensundertensileloading.Thesepattermsindicatestress
distributionssuchaswouldbe expectedfromthetheoryofelasticity.

Table1 containsstatic-failurestrengthsforthenotchedspeci-
mens.Nominaltensilestressesat failurewerenotgreatlydifferent
fromvaluesofultimatetensilestrengthdeterminedby testson standafi
tensilespecimens.Thus,stress-concentrationeffectsofthenotches
wereapparentlyalleviatedbyplasticdeformationbeforestaticfailure
occurred.

FatigueTestProcedures

Fatiguetestswererunon?iuousedirectrepeated-stresstesting
machinesat speeds“intherange1100to 1500cyclesperminute.A
descriptionofthemachinesisgivenin reference1. It isestimted
thatprecisionofloadmeasurementandMintenmcewasabout+3percent
intension-tensiontests.In testsinvolvingreversalofload,sheet
specimenswererestrainedfrombucklingby theuseof guideplates.
Estin@tionofprecisionofloadingin suchcaseswasindirect;it is
believedthaterrorinlad value,inreversed-lmdtesting,didnot
usuallyexceed-~percent.

.. . . .. . -— ———--—-- .-.. .—— — .—— ——.. ——— ———



4 NACATN2389

FATIGUETESTRESULTS

ResultsofWal-lead fatiguetestsaregivenintables2 to 7.
TheseresultsareplottedintheformofS-Ndiagramsin figures5 to 10.
Allstressvaluesindicat~onthesediagramsarenominalnet-area
stresses.Whilethedataareinsufficienttoafforda statistical
evaluationofscatter,itmaybe notedthatobservedpointsfallclosely
ontheS-Ncurvesdrawn.

Figures11to 25 showthesameresultsplottedinanothermnner:
As cons&nt-lifetW-diagramsof
againstnominalmeanstress.In
notdirectlyobservedvaluesbut
S-Ncurvesin figures5 to 10.

nominalstr&samplitude
thesediagrams,however,
arevaluesreadfromthe

plotted
“points”are
fiired

DISCUSSIONOFRESULTS

Diagramssuchasthoseshownin figwdesI.1to 25havebeensug-
gestedforuseindesign.However,thedesignerencountersa great
varietyofnotchformsandwillseldombe concernedwithoneexactly
likeanyusedin thisoranyotherlaboratoryfatigueinvestigation.
Consequently,thereisconsiderableinterestinattemptingtounder-
standthenotchfatiguebehaviorofa materialsufficientlythat
resultsofa Mmitednumberoftestsmaybe generalizedto applyto
thegreatvarietyofnotchformsandloadingconditionsencountered
inaircraftservice.

Tables8 to 10 summrizefatigue-strengthvaluesfornotched
specimens,andincludecorrespondingvaluespreviouslyreportedfor
unnotchedspecimensofthesamesheetmaterials.Thefollowingdis-
cussionisbasedonvalueslistedinthesesummarytables.

Inviewofthelocalnatureoffatiguefailure,it isexpected
thatthefatiguestrengthofa notchedspecimenwillbe stronglyinflu-
encedby stressconcentmtionattherootofthenotch.Thus,it seems
desirableto examinetheresultsofnotchfatiguetestsintermsof
estimatedpeakstressat thenotchroot.Conventional.ly,suchexamina-
tionisusuallytie intermsofa “fatigue-strengthreductionfactor,”
denotedby Kf, anddefinedastheratioofunnotchedfatiguestrength
tonotchedfatiguest~ngth.Whilesucha definitionisunambiguous
fortestrunsunderfullyreversedload,furtherspecificationis
neededwhenthemeanleaddiffersfromzero.At leastthreedefinitions
of Kf havebeenadvocatedforsuchcases:

—— -.—. –——— –——— ——-——— ——
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(1)Load-ratiodefinition,

.

.,

Kfz ~ stressforumnotchedspecimen

Nominalnaximumstresftfornotchedspecimenat sameloadratio
andlifetime

(2)Load-amplitudedefinition,

KftE stressamplitudeforunnotchedspecimn
Nominalstressamplitudefornotchedspecimenat sam nominal
meanstressandlifetime

(3) Maximmloadat fixedmeanloaddefinition,

K@”E MaxLmunstressforunnotchedspecimen
L

Nominalmaximumstressfornotchedspecimenat samenominal
meanstressandlifetime

Calculationsof %, Kfl, and ~m, forthevalueslistedin
tables8, 9,and10,showthatnoneofthesethreefatigue-strength
reductionfactorsareconstantforthefullrangeofnotchformsand
stresslevelscoveredinthisinvesti~tion.In general,Kf and
Kf” arelessthan ~, while Kf~ sometimesexceeds~. Design,
basedontheapproxhationthatanyoneoftheseKf3S ispredictable
fromthetheoreticalstress-concentrationfactorofthenotchoreven
upontheassumtpionthata Kf (likeoneofthethreedefinedhere)
isconstantovera rangeofstresslevels,mightbe seriouslyinerror.

Considerationoftheprobablepeakstressat thenotchroot,in
relationtothestresslevelsatwhichfatiguefaihxresoccur,indicates
onereasonforthislackofsimplecorrelationbetweenKf and ~.
For-agreatdealoftheregionofstress,plasticflowuhdoubtdly
occurredat thepointofhigheststress.Itwilllbe convenient,in
furtherdiscussion,to,treat,first,lowstresslevelsforwhichsuch
plasticflowmaybe negligibleand,second,theremhing partofthe
stressfieldinvestigated.

-.. .--. —. ----—---——. . ... ..- .— ..— — —. ——



NACATN2389

RegionofLowMaximumStress

In theregionoflowstressesandlittleplasticflow,thepeak
stressat therootofa notchshouldb.egivenby Kt timesthenominal
stresstowhichthenotched.specimenis loaded.Thus,at lowstress
levels,onemightexpect,insofaras fatiguefailuredependson=-
mumstress,thata notchedspecimenundera cyclefroma nominalmini-
mumstress~ toa nominalmaximumstressMn wouldfailinthesame
lifetimeas anunnotchedspecimenundera cyclefromminimumstressKt~
to maximumstress”Kt~. Inthiscase,the“load-ratiofatigue-strength
reductionfactor”Kf shouldequalKt throughthislow-stressregion.

Examinationoftables11,12,and13showsthat Kf usually
approachesKt inregionsoflowmaxim stress.However,evenin
suchregions,Kf is oftenlessthan Kt, particularlyforthemore
severenotches(Kt= 4). I?euher(reference2)suggeststhatdepartures
fromelastictheoryshouldbe expectedinnotchessosharpthatstress
gradientsarelargeoverregionsoflocalinhomogeneityandanisotropy
ofthematerialunderinvesti~tion.He proposesusinga “technical
stress-concent=tionfactor,”definedby

0

(1)

In-thisdefiningequation,p istheradiusofthenotch,and p! is
a constant(withthedimensionoflength)ofthematerial.Neuber
su~eststhatthevalueof p’ maybe about0.02inchformanymate-
rials.Table14showsvaluesof ~ forthenotchesusedinthis
investigationforseveralvaluesof pl. Comparingthesevalueswith
valuesof Kf intables11,12,and13,itappearsthat Kf isoften
nearerto KN (for p’= 0.02in.)thanto Kt. No othervalueof P!
affozdsmuchbetteragreementforallvaluesof Kf.

Thus,resultsobtainedin low-stress-levelfatiguetestsonthe
notchedsheetspecimensareapproximatelypredictableby assuming
Kf =~. However,untilthelimitationsofthisassumptionaremore
completelyestablished,suchpredictionsshouldbe usedwithcaution
indesignofnotchedparts.

.
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RegionofHighMaxim Stress

Figure26isa schamticillustrationofeffectslikelyto occur
intension-tensiontestsinwhichthemaxhmunstressishighenoughto
causelocalyieldingat thenotchroot.Twoeffectsaretobe noted:

(1) At thetopoftheloadcycle,themaximumlocalstressisless
than ~~; thatis,localdefo-tionalleviatesthestressconcentra-
tionpredictedforideallyelasticmaterial

(2)Uponunloadingtominimumload,residualstressat thenotch
rootdecreasestheminimumlocalstressbelowthatexpectedforideally
elasticbehavior

Bothoftheseeffectshavebeenobservedexperimentally(references3
to 7). Sometimeago,Hartmann(reference8) suggested= approximate
methcdofestimatingthealleviationofthestress-concentmtionfactor
atmaximumload;Stowel.1(reference4-)hasrecentlysuggestedanother
methodofappromting thelocal~ stress.No satisfactory
methodoftheoreticallyestimatingtheresidualstressand-theresultant
minimumlocalstresshasbeenreported.

Forfullyreversedloadingthroughlargestressamplitudes,addi-
tionalcomplicationsmy occur.In thiscase,localyieldingmaytake
placebothduringtensileloadingandduringcompressiveloading.
Cumulativestrainhardeniagmy alterthebehaviorduringsuccessive
loadcycles.Behaviorinthisregionistoocouqlexforpredictionon
thebasisofcurrentlyavailableinformation.

Ifthispictureoffatigue-strengthreductionathighstresslevels
is correct,itwouldbe expectedthatthestressratiowoulddiffer
fromtheloadratio,andthat Kf woulddifferfrom ~ (orfrom ~).
In fact,itappearsdoubtfulthatanysimplydefinedfatigue-strength
reductimratiocouldbe expectedto remaincaustantoverthefull
rangeofstresslevels.It ispossiblethatdetailedconsideration
ofeffectsofplasticdeformationandresidualstresseswillafford
appro~te rulesusefulindesign.

CONCLUSIONS

Axial-loadfatiguetestresultshavebeenobtainedonnotched
sheetspecimensof2&T3 and75s-T6aluminumalloysandofsAE4130
steel.Severalnotchformswereusedandtestswererunat several
levelsofmeanstress.Theresultsshowthat:

.
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1.Reductionin fatiguestren@h(intermsofnominalstresses) .’
varieswith:

(a)

(b)

(c)

(d)

Notchseverity(theoreticalstress-concentrationfactor) ,’.

Iiotchform,especiallyforseverenotches

Material

Stresslevel- bothnominalman stressandnominal
stressamplitude

2.Simplydefinedfatigue-strengthreductionfactorsdo notappear
tohaveusefulcorrelationwiththetheoreticalstress-concentmtion
factor.

BattelleMemorialInstitute
Coltius,Ohio,August15,1950
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Mmmmmslmmmcmsumm m!lmxmmsm

Ave~ teuall.apropartie6 Averagacompressive
properties

(a) (a)
mdm

‘te*l direction
Type ep+mhen

Yield ultimata Yield Mdlihlsof
‘-tion strm@l Etren&l et
(percent)

(Pel) T
elasticity

(psi) (psi (psi)

2k3-T3 Witi mlnotchea li3.2 54jolX n,m 44*XQ 10.65X lC$
2M-T3 Cms Unnotchd B.3 x,m n,m m,m 10.45
24S-T3 with Hole-*~notch(

7
= 2.0) ---- ------ Tl,m --—-- -—— --

24s4?3 with Pillet-typenotch Kt = 2.O) ——- ---—-- p,OCO --—- -—.—.
2ks-~3 with ~-cut notch(Kt.2.0

i
---—- 74,m --—

2@~3 mt-~ notch(Kt. .0) ::: —-—-
--—— —

with 65,W --—-. —---- -
2M-~3 Witi ~ge-cut notch (Kt= 4.0) —-- ------- 6,400 ---- -— —---

755-T6 H1.th Unnomed 11.4 76,0c0 82,w **W 10.45
w!c6 Cross Unnotched I.1.o ~,oal 82,~ m,m 10.B
%T6 Witi

v~?wz%!=?< :“20) := ----- %%R ----
-—— ——— .-—-—

T%-T6 With —.—--——
mT6 with Edge-cutnotch (Kt = 2.0 --—- -———

k
87,W) —-— ..— — -

-i’59-T6With EISiet-@enotch(Kt= .O) --—- ----- 8Q,m --—- --—-— --
T%T6 Witi ~C.t notch (Kt = k O) ---- --—-- 82,YW –—- ---—-— -

4130 Witi Unllotchea ti.a ~~g ~w117,m 86,0m 30.4
4130 Cma Unnotdld u!.5 , 97,0Q03.3
4130 with

;d;?;%ch(’~’; ::!0)
:: -— ---- MO: m -—-- -——

4130 with
4130

—-—-
With Edge-cutnotch (Kt .2.0 —-- —-—

1
%$% :=:: ——–

4130 with Hllet-type notch (~ = .0) --—- — llg,cm
4130

--—-- ——- -
with ~e-cut notch (Kt = k O) ---- —--– W,m —– ——-–

%1.ueaforunnot&31 npecimna takenfrcmreferenw 1. All dress valueenmdnal, Wsed on
Orl

%
1 net section.
eclreufdled ingrip sectionat lad noted.
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TABLE2.-AXIAL-LOADFA!lIGUETESTRESUL’I!SeFOR24S-T3ALUMITIUM

SHEETSPECIMENS;NOTCHED,Kt = 2.0

Nominal

Specimen Life
(cycles) Remarksstress

(psi) (1)

(a)Nominalmeanstress,O Psi

Hole-twenotch

A27S22 34,000 2,500
A65S2C 28,000 17,500
A1OS2C 24,000 28,800
A9S2C 20,000 70,000
A@%2C 15,000 405,000
A20SX 12,000 >10,907,000 Didnotfail
A18S2C 10,000 >10,994,800 Do.

Edge-cutnotch

A79S2B 35,000 3,400
A84S2B 35,000 3,500
A73S3B 30,000 6,wO
A80S3B 30,000 7,700
A30S2B 28,000 ----------- Buckled
A88S2B 25,000 “ 17,400
A~S2B 20,000 70,000
A73S2B 15,000 754,000
A35S2B 15,000 160,000 Failedingr’ip
A40S2B 15,000 ao,000
AIWB 13,500 287,000 Failedin flaw
A74S3B U,000 >10,586,000 Didnotfail

l?illet-t~enotch

A4CX32A 30,000 10,000
A39S2A 22,500 64,000
A73S2A 18,000 233,000
A34S2A 15,000 “ ~,ooo
A78S2A 12,000 5,251,800

%hilessotherwisenoted,specimensfailedatnotchroot
regionof criticalstressconcentration.

v

in

. . __— —_ — —.— ——— .——.



12 NACATN2389

TABLE2.-AXIAL-LOADFATIGUETEST-S FOR24S-T3ALUMINUM

SHEETSPECIMENS;lWTCHED,Kt= 2.0-Continued

Nondnal
Specimen Life

f3trees (cycles) Remrks
(psi) (1)

(b)Nominalmeanstress,10,000psi

Hole-typenotch

A28XZ 46,000 2,700
A12sx 43,000 5,m
A53SZC 40,000 6,MM
A5XW 35,000 16,~
A63s2c 35,000 17,100
A62XX 30,000 30,100
A*X 30,000 36,200
A55SX 25,000 118,000
Am= 22,000 283,700
A~SX 20,000 542,700
A57S2U 19,000 181,400 Failedh flaw
A14s2c 19,000 5,564,306
A24S2C 18,~0 6,568,mo
A22Sx 18,000 >13,013,mo Di&notfail

Edge-cutnotch

A~313 44,000 2,goo
A87S3B 44,0W 3,000
A47S2B 4Q,000 6,YIO
A77S2B 35,000 14,900
A46S213 35,o~ 15,500
A45S2B 30,000 35,000
A32S2B 30,000 43,4CQ
A74S2B 25,000 124,200
A79S2D 22,OOQ 163,700
A38S2D a,000 507,400
A83S2B 20,000 7,&37,400
A8192B 19,000 >15,018,800 Didnotfall

MlJet-typenotch

A87S2A 43,000 4,000
A7’lS2A 40,000 6,500
A44-S2A 35,000 27,mo
A80S2A 35,000 30,Ocil
A7’7S2A 30,000 “73,200
A33S2A 30,OoQ m,100
A88S2A 25,000 12g,m
A81S2A 22,m 288,100
A8y2A 22,000 283,200
A8292A 2Q,000 >10,4$36,700 Didnotfail

J

bless otherwisenoted, specimensfailedat notch root in region
ofcriticalstressconcentntion.

T

—-.—
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W 2.-AXU&LOADFATIGUETESTRESULTSFOR2kS-T3ALUMINUM

SHEETSPECIMENS;IWTCEED,q = 2.0-cont3nuea

Nominal
Specimen Life

stress (,cycles) Remarks
(psi) (1) “

(c)Nominalmeanstress,20,000psi

Hole-typenotch

A26S22 52,.500 2,300
Algsz 52,500 4,0(X)
Al&KC 52,500 3,OOQ
A6LSZ k-g,ooo 7,100
A96S22 45,000 15,&n)
A52SX k-o,m 35,600
Aloosx 35,000 75,b
A9EVK 31,Ooa 213,200
Ak$EKC 3,500 2,319,700
A56SX 3,500 9,536,om
A95SZ 279.500 >10,936,000 Didnotfail

Edge-cutnotch

A8kS2B 52,500 3,100
A85S3B 4,000 9,300
A70S2B 49,000 6,000
A4~2B k5,000 a, 800
A91SK?B 45,000 25,300
A@S2B 40,000 48,300
A80S2B 35,000 66,500
A93S2B 35,000 82,200
A90S2B 31,w 28,200 Fa.ileah flaw
A82S2B 31,000 128,500
A85S2B 31,000 218,700
A~2B 29,500 >13,114,700 Failedlower@ip
A89S2B 27,500 >15,67q300‘ Didnotfail

Fillet-typenotch

A79S2A 52,5Q0 ‘4,500
A83S2A kg,ooo 8,300
A89S2A 45,000 19,800

“ AkOS2A 40,000 30,300
A92S2A 35,000 67,000
A96S2A 31,500 595,~
A@S2A 29,500 1,042,400
A70S2A B,w >10,305,000 Didnotfail
A94S2A 27,m >12,693,800 Do.

%ilessotherwisenoted, specimensfailed at notch root in region
ofcriticalstress Concentmtion.

-d

—.. ——.—.—. —-- -—-- _.— — .— — —.. —..- -. —.. —.——— .
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_ 2.-AXIAL-LOADF~GUE TESTRESULTSFOR24S-T3ALUMINUM

SHEEqSPECIMENS;NOTCBED,~ = 2.0- Concluded

Nominal

Specimen Life
stress (cycles) Remrks

(psi) (1)

(d)N-1 meanstress,30,000psi

Hole-typenotch

A17s2C 60,000 2,000
A23S2C 54,000 14,000
A50SZX 50,000 21_,800
A67SZ 45,000 55,700 .
A21SX! 42,500 68,500

“ A66SZ .40,000 243,800
A@tSX 39,000 395,700
A68S2C 38,000 >12,000,600 Didnotfail

Edge-cutnotch

A70S3B 60,000 4,300
A8U3B 60,000 =4,500
A83S2B 54,000 9,600
Ak@2B 50,000 25,700
A71S3B 50,000 25,700
A&2B 45,000 63,500
A34S2B 42,500 152,900
A36S2B 40,000 259,200
A87S2B h,000 315,500
A37S2B 38,500 >10,537,100 Didnotfail

Fillet-typenotch

A~2A 54,000 17,600
A32S2A 50,000 ~,200
A~2A 45,000 47,000
A43S2A 45,000 95,300
A38S2A 42,500 114,600
A47S2A 40,000 173,200
A36S2A 39,000 >10,608,000 Didnotfail
A45S2A 38,000 >11,541,6C0 Do.

%less otherwisenoted,specimensfailedatnotchroot
in regionofcriticalstressconcentration.

-

“

u

.
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,

md.nal
spec5Jren Btreea (:2)

(psi) (1)

(a)EcurdmalEan atram,O psf

Edge-cutnotti I

M.0S3B 22,500 3,20)
A47S3.B 17,p 10,000
A~3.13 12,X%l 53,4m
A~3E 10,000 la,!xn
A*32 7,m ha, m
A~32 7,0Q0 6,3@,lCX)
A4383B 8,0m 944,4cm
A50S3B 5,000 >U,169,000 Didnot-

Fillet-*notch

my 25,000 4,400
m6s3A a,ooo 15,000
A30S~ 15>m 38,m
l@ls3A 12,yxl 140,100
Ak%~ 9,m 1,066,000
A50SW ;~ 548,7~
A@3A >1O,969,OCXI manOta

(b)Hominalmanatress,10,@psi

Kdge-cutnotch

A2693B 30,0co
A38S3B 30,0cQ t$%
A~3B W,m 3,000
A45&13B 27,500 5,7~
AbO&D 25,0W 1.2,000
A33S3B 22,%0 a@Oo
A24S3H a,m 52,000

20,000 62,Xa
Pw%l 17)m Tl,m
A18s3B 17,XQ 61,YM
AXW 16,500 U,ooo
&?8s3B 15*orxl >lo,533,&xl Dtinotml
AIJ33B 15>OW >10,408,300 Do.

Fillet-*notch
A41S3A 35,m 2,Xm
Alxy %,m 3,1al
M*3A 32,m 2,&a
A39&M 30,0m 6,5cx)
A~~ 27*W u,Ooo
A2a* s,Ooo a,m
A*3A 22,~ @,&xl
Akk33A m,Ooo 87,000
A42113A 17)m 633,700
A6S~ 15,W >10,733,000 DidnotW

.
%lesa*ruiaenoted,apec* failedinnotchrootinregi~of

criticalatreasconcentration. T

—.—— .— ———-



16 I’UCli‘m 2389

- 3.-AKIAL-LQADFATIGUETESTRESOLTSFOR24S-T3~

- sPEcImms;Mo!lx!mm,Kt=4.0-Concluded

NomLnal
Life

Specimen stress (cycles) Remrks
(psi) (1)

(c)Nominalmean stress,20,000psi

A12s3B
A2$E3B
A49S313
lLu5s3B
A37S3B
A13s3B

Al-@*
A48S3A
A35S3A
A38S~

Z33
A22S3A
A5s3A
A49S3A
A36S3A
Alos3A
A33S3A

Edge-cutnotch

35,~ 3,7Q0
3%~ 9,000
30,000 26,@
27,m 39,b
25,000 1,343,000
22,no >10,321,500 Didnotfail

Fillet-typenotch

40,000
37,500
3?,~
3%~
30,000
30,000
27,500
27,500
27,m
25,000
25,Cx)o
22,~

4,000
6,000
10,2fx)
15J~
21,000
44,500
6g,acM)
80,Ocx)
161,500
3cm,000

5,797,000
>10,213,owl Didnotfail

“ (d)NominalmeanStress,30,~ pSi

Edge-cutnotch

A46S313
A42S3B
Alwm
A32S3B
A20S3B
A39S3B
A30S3B

47,500
45,m
42,500
40,000
37,500
35,000
32,ao

t%
7,000
14,000
24,500
124,500

>10,450,000 Didnotfail

lttl.let-t~notch

47,m 3,3m
45,000 7,m
42,500 U,%!0
40,000 26,700
37,m 61,000
35,o~ 413,700
32,XQ >10,703,000 Didnotfail

.

%hless otherwisenoted,spcimens failedIn notchrootin re@on of
criticalstressconcentration.

T

-._—_ ..—



NACATN2389

TAELE4.- AXIAL-LOADFWl!IGUEm RESULTSFOR75S-T6ALUMINUM

SHEETSPECIMENS;NOTCHED,~ = 2.0

17

Nominal
Specimsn Life

stress (cycles) Remarks
(psi) (1)

(a)Nominalmeanstress,O psi

Hole-typenotch

B79S2C 36,000 3,4-00
B1OOSX 34,000 3,200
B99S2C 28,000 14,0M
Bg4S2C 24,000 42,OOO
B95S2J 21,000 86,00Q
B86SZC 18,000 412,400
BgLs2C 16,000 1,028,000

Edge-cutnotch

?XLOOS3B 34,000 5,500
B95f33B 34,000 5,~
B~S2B 34,000 4,0CK)
B93S3B 30,000 ----------- Buckled
B92S3B 30,000 12,000
B47S2B“ 30,000 U,400
B44S2B 28,000 19,000
B@Sy 24,000 23,700
B26S2B 21,000 89,000
B6S2B 18,OQO 213,000
B17’s2B 15,000 347,500
B28S2B 15,000 579,000 Failedingrip
B1OS2B 15,000 1,564,300
B43S2B 12,Wo X0,853,500 Didnotfail

Fillet-typenotch

B45S2A 34,000
B42S2A

10,000
34,CX30 Xl,500

B35S2A 34,000 ----------- Buckled
B2$S2A 31,000 13,300
B30S2A 31,000 14,600
B1OS2A 28,000 ----------- Buckle&
B37S2A 2$,000 20,000
B17S2A 24,000 39,700
B2ES2A a,000 8Q,000
B23S2A 18,000 11~,000
BlkS2A 15,OQo 4,541,800

%less otherwisenoted,specimensfailedinnotchrootatregion
ofcriticalstressconcentration.

V

. .. . . . ... ._. _.__— _ ____ ..__ —--— -——— .——. --. —--



18 NACATN 2389

‘lABLX4.- AXIXLLOADF~GUE TESTRESULTSFOR75S-T6ALDMINUM

SHEETSPECIMENS;NOTCHED,~ = 2.0- Continued

Nominal
specimen Life

(cycles)
Remarks

stress
(psi) (1)

(c)Nominalmeanstress,20,0CQPSi

Hole-tnenotch

B74S2C 56,000 2,200
I!85S2C 55,000 3,000
B48sz 50,000 5,400
B58S~ 45,000 9,3~
B57S2C 40,000 12,000
B72S2C 35,000 3,500
B66S2C 32,000 46,000
B67S2Z 30,000 165,@o
B93S23 a,ooo 536,100
B96S2X 28,000 >11,250,00Q Didnotfail

Edge-cutnotch

B2L%2B 56,000
.

2,100
B97S3B 54,000 3,200
B3S2B 50,000 5,000
B14S2B 45,000 11,500
B40S2B 40,000 13,4-CO
Blls2B 35,~ 28,000
B12S2B 32,500 76,800
B27S2B 30,000 6=,900
B23s= 2g,ooo >284,000 Failedabde lowergrip
B18s2B 28,000 >10,781,700 Didnotfail

Fillet-typenotch

Bll_S2A 54,000 5,400
B6S2A 50,000 9,000
BlS2A 45,000 17,500
B2S2A 40,000 .18,50Q
B19s2A 35,000 33,500
B43S2A 32,500 53,00’0
B13S2A 30,000 105,000
B34S2A a,ooo >JO,249,900 Didnotfail

%less otherwisenoted,specimensfailedinnotchrootinregionof
criticalstressconcentration.

-

,,

.
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!IKBLII4.- AXUL-LOADFATI(XIIiTESTIU?S’UZTSFOR75S-T6JU~

~ SPEC-S; NOTCHED,~ = 2.0- Continued

Nominal

Specimen Life
(cycles) Remarksstress

(psi) / (1)

.(b)Nominalmeanstress,10,000psi

Hole-t~enotch

B73SX 46,600 2,600
B75S2C 46,500 2,700
B71S2W 45,000 3,100
B6QS2C 40,000 6,800
B65SEC 35,000 13,000
B70SX! 30,000 22,m
B92S2C a,000 60,700
B68S2C 22,000 227,700
B59S2Y! 20,500 >12,DO,400 Didnotfail
B69SX 23,000 >10,547,800 Do.

Edge-cutnotch

B4S2B 45,000 3,OOQ
B~S2B 40,000 7,000
B19S2B 35,000 18,500
B7S2B 30,000 46,200
B@SZB 25,000 242,000
B12S2B 23,500 2,678,600
B33S2B 22,500 627,wo Failedinuppergrip
B34S2B 22,500 >10,581,900 Didnotfail
B’jS2B m,500 >H,653,200 Do.

Fillet-typenotch

B12S2A 45;750 5,800
B31S2A 40,000 13,500
B44S2A 35,000 20,500
B41S2A 30,000 59,900
BP2A 25,000 189,@o
B16S2A 22,~ n8,500 Failedinuppergrip
B26S2A 22,500 2,998,000
B27S2A 21,000 >10,336,900 Didnotfail

%less otQerwisenoted,‘specimensfailedinnotchrootin region
ofcriticalstressconcentration.

-

--- .—



20 I?ACATN2389

WIBLII4.- AXIAL-LOADF~GUE TEES

SHEETSPECIMENS;NOTCHED,

RESULTSFOR75s-Ir6AUMINJM

Kt= 2.0- Concluded

Nominal

Specimen Life
stress (cycles) Remarks
psi) (1)

(d)Nominal~ Stress, 30,000pSi ●

1.

B63SZ
B76SX
B64sX!
Ha3sx
B97S2C
lX37’s2c
W38S2C
B98SW
B62S2C
B61XKC
B56SX

B39S2B
B53S2B
B2ZS2B
E@32B
B31S2B
B30S2B
I136sZB
B35S2B
Bl~2B
B16s2B

B3S2A
Bl~2A
B4S2A
B20S2A
B36S2A
B38S2A
B39S2A
B~2A

6!3,000
66,100
65,000
60,000
55,mo
X,ooo
45,000
42,500
39,W0
38,000
37,0W

66,.500
63,000
60,000
55,0W
50,000
45,000
42,500
39,~
38,000
37,0W

65,000
b,ooo
55,000
W,ooo
45,000
42,~0
40,000
38,000

Hole-typenotch

I, 800
2,400
2,200
3,200
7,%0

12,000
24,800
42,8oo
198,200
527,3~

>10,112,300

Edge-cut notch

2,800
2,300
4,100
8,300

12,500
2J+,000
35,~o
81,000

>10,062,700
>10,363,600

Fillet-typenotch

Didnotfail

Didnotfail

4,800
8,000
8,700

11,‘joo
27,000
36,000
89,000

>9)978JW Failedin upper grip

%less otherwisenoted,specimensfailedinnotchrootinregion
ofcriticalstress concentration.

v

,J
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.
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NACATN 2389

TABLE5.-~IQAD FA.!DGOEZESTHE30LTSFOR75%T6~

slmmSPEcllms;Nolummjq =4.0

21

.

Noudnal
Specimen Life

stress (cycles) Remarks

(psi) (1)

(a)Nominalmanstress,Opsi

Edge-cutnotch

B45S3B 5,3@3
Blos3B 2% 17,8cQ
B35S3B w,m p,m
B36S3B 9,m 339,~
Blgs3B 8,500 969,~
B28S3B I

7,500 1,652,300
Bzos3B 7,500 4,722,0ccl
B3193B >12,405,300 DM.notfail
B~3B tz >10,247,800 Do.

Fillet-typenotch
XB3 22,500 8,an
B48S3A a,ooo 17,000
B26.93A 16,w 63,500
B39fEA 12,m 182,000
B3133h 10,m 4,400,1Xm
W3S3A !3& 3,097,1~ Failedinflaw
B45S3A >10,244,m . Didnotfail

(1))NoLuinalmanstress,10,OOQpsi

Edge-cutnotch

B16s3B 30,cca
B2693B, &,m :%
B38s~ 22,500 13,000
BlTs3B m,Ooo 41,0m
B23sw m,Ooo 39,0c@
Bls3B a),000 32,m0

17,m
ZZ 15,000 g?% Ikiledillflaw
B4M3B 15,000 9,610,300
Wsm lz,wo >12,%1,a Didnotfail.

Fillet--notch

BL%m 30,w 4,000
B38S3A 27,~ 10,OCQ
BX3.A 25,000 14,m
B4s3& 22,~ 45,&xl
B21s3A 22,m 39,500
l@3A 20,000
I%&

39,m Buckles
al,C#o 43,0co Do.
2Q,000 140,000

B37&!A =,000 82,~
K@@ 17,500 1,676,0w
l@?WW 15,W >lo,oco,ocm DidnotW

%hlessotherwisenoted,speciunafailedatnotchrootinregionof
criticalstressconcentration.

T
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TABLE5.-&#iL-LoADFATIGUETESTRESULTSFOR75S-T6AWMINOM

SBEETSPECIMENS;lWTCBEO,~ = 4.0-Caucltied

Nominal

Specimen
IGmmnm Life
st??2Ers (cycles)
(psi)

Remarks

(1)

2389

(c) Nominalmean stress, 20,000psi

Edge-cutnotch

B21S3B
B25S3B
BlU33B
Bgs3B
B37S3B
B4$S3B
B*3B
B40S3B

35,000
32,500
30,000
30,000
27,500
25,wo
22,Xo
22,500

%
lo,y)o
10,700
16,800
46,m

566,YN
>10,457,000

Fillet-type notch

Didnotfail

B@S3A 35,000 4,000
ti7E@ 32,W 9,800
E&3A 36,000 18,700
B4US3A 27,Wo
B34S3A 25,000 4$ E
B24S3A 22,Xo >9>475,000 Didnotfail

(d)Nominalmeanstress,30,000psi .

Edge-cutnotch

B7S3B 42,w 4,000
B&3B 40,000 10,000
BQS3B 40,0(XI 7,800
B14s3B 37,m 15,000
B3S3B 35,000 32,700
M7S3B 32,500 >10,744,000 Didnotfail

Nllet-typenotch

Blp3A 45,000 3,500
B3~!.A 42,~0 6,300
B14s3A 40,000 12,300
Bgs3A 3?,5Q0 22,000
B20S~ 35,020‘ Ug,ooo
Bl133A 32,500 >10,000,OOO Didnotfail

%ilessotherwisenoted, specimens fiiled atnotchrootinregion
ofcriticalstressconcentration.

-

u
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.,

‘lKBIX6.- AXIAL-LOADFA’l!IGUIZm HISULTSFORSAE4130Sl?HZ

SHEW’SPEC-S; N~j Kt = 2.o

Nominal

Specimen
Life

(cycles) Remarks
stress
(psi) (1)

(a)Nominalmeanstress,Opsi

Hole-typenotch

C62S2C 45,000 40,700
c61_sx 38,000 86,000
C60S2C 32,000 2gl,000
C99S2C 28,500 1,083,600
C56S2C 25,000 >11,43,000 .Didnotfail
C59SX! 25,000 >12,347,800 Do.

Edge-cutnotch

c51s2H 50,000 27,000
C197S2B 50,000 35,000
C82H 45,000 43,000 wiled in f’yip
C15S2B 45,000 ----------- Specimenbuckled
C9S2B 45,000 45,700
C13S2B 38,0cQ 82,000
C32S2B 32,000 635,000
C14S2B 28,500 1,n% 700
C45S2B 25,000 >10,464,300 Didnotfail
C33S2B 25,000 >10,900,OOO Do.
C47S2H 27,000 2,153,500
C50S2B 50,000 ----------- Failedin grip
C49S2B ~,ooo ----------- Do.

Fillet-t~enotch

C40S2A 45,000 53,000
c&Y2A 38,000 147,600
c42132A 32,000 628,500
C25S2A 28,000 1,616,000
C26S2A 25,000 >10,468,400 Didnotfail
C13S2A 50,000 ~,ooo

%less otherwisenoted,specimensfailedatnotchrootin
regionofcriticalstressconcentration. -

—. _.— ____ ——____ ___ .—-. —.
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W 6.- AXIAL-LOADFATIGUETESTIWSULTSFORSAE4130&lZIIL

SHEETSPllCDf121?S;I?O!PCE3D,Kt = 2.0- Continued

Nominal

Specimen Life
stress (cycleB) Remarks
(psi) (1)

(b)Nominalmeanstress,10,000psi

Hole-typenotch

C86S2C 57,5’00 30,700
C1OOS22 55,000 34,000
C92SX X,000 g8,000
c84s2K! 45,000 222,000
C63SZ 40,000 822,000
C94S2U 37,500 1,452,700
C83SZ .35,000 >10,043,000 Didnotfail

Edge-cutnotch

C46S2B 60,OQo 28,no
C48S2B 60,000 31,300
CXXXXS2B 57,500 31,no
C43S2B 57,m 31,700
C31S2B 55,00-0 55,900
C30S2B 50,000 93,000
CXS2B 45,000 151,000
C4S2B 40,000 255,000
C39S2B 40,000 ~,ooo
C38S2B 40,000 421,000
C44S2E 37,500 900,000
C35S2B 37,500 1,101,m
c31S2B 35,000 ~, OCO Failedinflaw
c2fQB 35,000 >10,m, 600 Didnotfail

Fillet-typenotch

C34S2A 60,000 ----------- Specimenbuckled
clls2A ;;~; 36,000 I
C16S2A 45,8oo
C32S2A m,000 103,000
C28S2A 45,000 235,000
C1OS2A 40,000 545,000
C27S2A 37,500 1,157,000
C2S2A 35,000 >10,497,300 Didnotfail

%hless otherwise noted,specimensfailedatnotchrootin
regionofcriticalstressconcentration.

=@w7-v.
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.

w 6.- ~LOAD FNGOE TESTRESUUCSFORSAEk130SI!EIZ

-T SPHCllllW3;NOTCHED,Et = 2.0- Continued

Nominal
Specimen 1 Life

stress (cycles) Remarks

(psi) “ (1)

(c)Nom5nalmeanstress,20,000psi

Hole-typenotch

C67S2C 65,000 31,000
C78S2C 63,000 62,000
c6692c 55,000 lE,Ooo
C69EW 50,000 517,000
c813!a 47,500 857,600
Cmz 45,000 I, 1.84,700
C76SX! 42,w >10,240,400 Didnotfail

Edge-cut notch

Clggsm 72,500 18,000
c189s2B 70,Ouo 24,500
C34S2B 70,000 28,000
c22s2B 65,om 39,700
C27S2B 60,000 70,900
C20S2B 55,000 227,000
CUSZB 50,coo 535,900
C36S2B 47,500 1,002,000
C7S2B 45,000 1,557,700
c12wB 45,000 >1,5%,000 Failedin uppergrip
C42S2B 42,~0 >10,480,300 Didnotfall

Fillet-typenotch

C35S2A 70,000 33,300
C24S2A 65,000 48,000
C8S2A 60,000 102,000 .
C3692A 55,000 2$)6,000
C4192A 50,000 708,000
C1*2A 47,5Q0 884,900
C38S2A 47,500 583,000 Failedinpit
C1W2A 45,000 82L,500 Do.
Cpa 45,000 >10,5!33,700 Didnotfail
C22S2A 42,~0 >Xl,013,000 Do.

%hlessotherwisenoted,specimensfailedatnotchrootinregion
ofcriticalstressconcentration.

. v
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W 6.- AXIAL-LOADFATI~ ‘I!lWl!RISULTSFORS.AK4130S=

SIEETSPECIMENS;“I?OTCBJD,Kt = 2.0- Concluded

Nominal
Specimen Life

stress (cycles) Remarks

(psi) (1)

(d)Nominalmeanstress,30,000psi

Hole-typenotch

C79SX 7’5,000 36,0m
C97SX! D,ooo 38,500
C7’’7SX! 70,000 60,000
c70sm 65,000 128,000
C74SE 60,000 2$7,600
C7ZKZ 60,000 M4,800 l/2-fll. crack in flaw
c80s2c 55,000 610,600
C73SX 52,500 >10,824,600 Didnotfail

Edge-cutnotch

C37S2B 80,000 26,oca
C188EKTI 80,000 27,800
C194S2B 80,000 28,600
c2gs2B 75,000 38,000
C2!3S2B 70,000 X,ooo
C18S2B 65,000 151,600
C24SZB m,Ooo 402,400
C33S2B 57,m >Io,262,800 Didnotfail
C19S2B 55,000 >10,~8,900 Didnotfail

FiIlet-typenotch
C4X32A 75,000 31,000
Cl&a n,000 a,Ooo
c31S2A n,000 46,m
C33S2A 70,000 80,000
C30S2A 65,000 138,000
C9S2A 60,000 357,000
C23S2A 57,500 179,100 Failedinflaw
C4S2A 57,500 252,400
C39S2A 57,Xo 333,700
c21s2A 57,500 289,700
C43S2A 55,~ >10,729,000 Didnotfail

%hless otherwise noted, specimensfailed atnotchrootinregion
ofcritical stress concentration.

v.

.
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Hmninal

speck Life
stress (cycles) Remarks
psi) (1)

(a)17aud.mlman stress,O psi

Edge-cutnotch I
C14S%2B 42,m 5,4cQ speck buckled
C104S2B 42,500 lk,aml
cll.1.s2B 37,500 19,7co
C144S2B 37,000 19,o(x)
C130S2S 32,730 30,m .
c~2B 27,w 107,CQo
c38sm 27,w 94,300
cl15s2B 22,500 269,W
c12a2’s 17,710 537,m
c14232B 15,OQo 1,719,000
C14692B 12,500 >10,3?5,000 DidnotMl

Fillet-typenotch

clgos3z 45,cccl 4,.- Specim?nbuckles
Clagfm 45,0al 13,~
C194S3A 40,cao spe* lnlcklea
c391s3A 40,000 2E
C54S2A 35,~ 43,8cKI
c133t32A 32,500 40,yxl
C48S2A 30,m 141,000
cmcmA qooo 335,7~
cmis2A 20,oocl 761,000
c4gs2A 17)m 2,$mjm
C511324 16,w >13,103,OCQ DidnotU

L

(b)IWrlnal_ stress,10,000~Si

Edge-cutnotch

C143E12B .50,CW 12,m
clJ.ls2B w,m 9,000
clo8i32B 42,500 30,w
CI132J3 38,m 37,m3
clo~2B 35,cm 82,000
C145S2B 30,cW 197,000
C1OM2B ~,m 223,000
C13E!.92B 27,XQ 344,000
c134a2B ?5,Ooo 740,000
cll&2B 22,503 >10,037,Oml Didnotfail

Fillet-typenotch

C104S2A p,ooc 19,cm
CM+32A 42,yxl 52,m
C145S2A 9,750 84,m
c183s3A 37,5m 9%W
C132=W 35,~ 158,0(X)
c14gs2A 3=’,~ 334,00il
C13$EXM 30,m 5P,cJm
clQ8s2A 27,m 1,4Z,Ooo
C1032I B,030 >1O,327JMO Didnotfail

%il.emotherwisenoted,specimensfailedatnotchrootInrqjionof
criticalstressconcentration.

——. — —.. . .. — —.-.— — — .— ..— —
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W 7.-AXIAL-LOADFMTGUE‘ESTRESULTSFORME 4130

SHEETEWECRII13NS;NOTCHED,Kt= 4.0-concluded

rJomlnal

Spec- Life
St~BB (cycles) Remarks

(psi) (1)

(c)Nominalmean stress,20,000psi

Edge-cutnotch

CIJ-232B 57,500 n,400
clk?sm 55,~ m,ooo
C135S2B x,m 27,000
CH2B “ 45,000 59,000
C137S213 40,000 106,000 .
C106S2B 37,no 134,OcO
CI18S2B 35,000 202,000
C150S2B 35,MO 181,500
C105S2B 35,000 164,000
C103S2S 32,mo >10,2!37,000 Didnotfall
C132S2B 32,~ >10,000,OOO Do.

IIIIJet-typenotch

CIJAS2A 57,m 23,000
Clwzll 51,m 53,300
Clogml 45,000 106,m
clxlS2A 40,OoQ 449,0CQ
c19&m 40,000 225,Cx)o
C127S2A 37,m 433,000
C131S2A 35,000 >10,041,000 Didnotfail

(d)Nmdnalmeanstress,30,000@

Edge-cutnotch

C12192B 65,000 10,000
C126S213 Q Ooo 16,w
C141S2B 55,~ , 26,500
C139S2B 52,5c0 43,000
C124SZB m,000 64,000
c131s2B 47,m 100,OOO
c13@2E! 45,00Q 262,000
Clmm 42,~ >10,035,500 Didnotfail

Mllet-typenotch

C130S2A 72,mo 9,0Q0
C150S2A 65,m 22,m
C135EEA 60,000 34,500
CI.24S2A 55,W 80,0CX3
c12ES2A %,Cao 168,Om
C121S2A 47,m 173,000
c123s2A 45,000 >12,105,000 Didnotfail

%hless otherwise noted,specimensfailedat notchrootin regionof
criticalstressconcentration.

T

*

.

.
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w 8,-SOMKARYOF I?OIUHFATIGOE ‘.CW1~S FOR

2hs-T3msmm HHKm smmmm

Nominal
meal Notch

HoIcdnalmdnum ❑treesl (psi) for lifetines (cycles) of -
Kt

,9tmes we
(pei)

103 5 X.d ~04 5 x 104 1$ 5X105” ~06 107

0 x 103 Hone 1 ----------g x 103 5OX1O3 42 x 103 34x 1$ 28X103 24 X 14 =xld
Hble 2 ---------- B.5 21 16.Y 15 14 12

2 (40)x 103 33 29.5 21 16.7 13 14 1.2
Fillet 2 ---------- (3J) 32 24 19 15 14

H

12
Edge la u. 5

: $
10 8

Fillet 24 22 13.5 12 10 ;:; :

10 Iicme 1 --.--.------------- 63

mm I

4J 41 32 3.5 29
Hole 2 w

1
42 37 25.5 a 2!).5 al

Hdge 42 38 25.5 21.5 21 21.
IWUet : ?3 43 39 Z.5 B 22 22 21.

4 32.5) 29.5 m 16 15.5 15 15
~~et 4 (37) 32 3 22 S!3 17.5 16.5 16

20 None 1 --------------------65 53 46 39.5 39 38
Hole 2 ---------- 52 47

[

37 34
Ed.@ 2 m) 52 4a

2 &))
34 % g :

Fillet 53 48 ;:
4 %)

[

36 31 ~4.5 30
Em&m 33
Fillet

27 24
k 43) 38 E 3’ z %5 2’3 25

30 mm 1 ------------------- 54 4a
--”--”--–(x)

47 46
Hole ; g 42 3 s

: (60)
--------- (g)

47
Fillet 2

35
$ 47 i!

39 39

4 48)
[

41
39.5 39 39

3$
FY_llet 4 m) 46.5 43

3!5 34 34 34
36 35 34.5 34

lPamntheses Isniicatevalue obtai.rd & extrapolation.
T.



TAELE9,-SUMIMRYOF NO’NH FATTGUR TE&’IRE31JLTi3FOR.

7YX3-T6ALUMI#MHmmT smXKms
u.!
o

!Ominal
mean
Strms
(psi)

Oxlc

10

!20

30

Notch
type

Hone
Hole

Fillet
Euge
fillet

None
Hole

FiUet
-e

Iillet

None
Hole
Edge
Fillet
Edge
Fillet

rime
Hole

Fillet
Edge
Fillet

Iiold.m
%

103 5 x 103

1 ---------- ---------

[1~
2 40

37 x 1$ 33x 103

----------(;)

H
t 23
4 26 23:5

1
2
2
2
4
k

1
2
2

;
4

----------

(w)
(50)

I:;]34)

----—--- -
(60)
(a)

I
62)
37)
%)

---------
42
42
45
27
3

---------

w
.50
95
33
34

mximun r3tress1(psi) for lifet

~04 5 x 104 105

53x 1$ : x 103 35x 103
30 m
31 24 22
34 24 !23
17 13
22 16,y ii

62 47 40
37 26 24
38 a.5 26.5
42 26.~
23 $ 16
26 22 a

52 45
$ 32.5 3

33 32
: 33 32
31 25 24
32 27 26

Es (cycles) of -

5X105 ~06

32.5 X 103 32x d
17 16,5
17.5 16,5
17.5 16.7
8.5 8

39 36
22 21
24.5 23.5
26.5 23.5
15 14
18 17

43 42
?3.5 a
30 w.5
30 30
23
24.5 :?

%meMheses indicate value obtainedby extmapol.atim. ~

1 . .

107

30x 1$

35
a
23
23
14
17

41
29
29.5
30
23
24

k?
37
38.5
38.5
33
34



1

1

I

I

TAELE lo.- EJJMIW OF NOTCH FATIGUETEST RMUI.L!SFOR

EAE 4130mmm sEKmsmTmEws

Nombld
E39ea Ivotch Iiminalmaximm streeB1(psi)for I.ifetlmes(cycles) of -

.9trees m
%

(ml)
~04 5 x 104 105 5X105 ~06 107

0 x 103 None 1 ~ x 103 mxld 63x 103 55X Id 52x ld 47X Id
Hole 2
w [1

42 * a 29
2 z 44.5 40

25
33 30 27

mllet 2 (5J 45 40 33 30
Edge 32 2-7 19 16

;
3

IRIJlet 47 33 3 23 a 17

10 none 1 87 6’3 60

H

60
Hole 2

2
$ ~ 41.5 39

EQe 2 54
35

Fillet 66
41.7 39

55 g 42
Edge t 52 3

39.9 :;

4
34 23 23

~Uet 37 43 38 z 27.5 26

m None 1 87 81
f) ‘

68
Hole 2 65 59 2 $?
w 2

U
g 47 $

Fillet & 2
im :

z 47
45

47
41 34 33

RLllet 4 51 46 $.5 36 36

30 None 1 103 93 @ 82
Hole 2 (84)

76
77

Edge 2
[
85) g $

53 ;;

m.1..let 8J
57 57

:
$

Edge ;; $
57

4
E

Fillet 72 57 93 46 46 $
.
%renthesee indicate value obtiinedby extrapolation. ‘-&%--’
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TABLE11.- FATIGUE-STRENGTHREDUCTIONFACTORS

FOR 2kS-T3ALUMNUMSKEET!SPECIMENS

Ml!LOWSTRESSIETELS

El=Notch Load
type ratio

Fatigue-strengthreduction
factor,Kf,at lifetimes

(cycles)of-

5 x 104 105 5 x 105 106

I (a)Fornotcheshaving Kt = 2.0 and for
nominalmdmm stress<27,000psi

Hole
Edge
Fillet
Hole
Edge
Fillet

-1.00
-1.00
-1.00
-.50
-.50
-.50

2.0
2.0
1.8
---
---
-ti-

2.1
2.1
1.8
1.9
1.9
1.8

1.9 1.8 1.8
1.9 1.8 ~.8
1.9 1.8 1.8
1.8 1.8 1.8
1.8 1.8 1.8
1.7 I 1.8 1.8

(b)Fornotcheshaving Kt = 4.0 and for
nominalwxbmm stress<13,500psi

Edge -1.00 3.4 ;.: 3.5 3.2 3.1
Fillet -1.00 .3.1 2.8 2.5 2.4
Edge -.50 --- 3:3 3.2 3.2 3.1
Fillet -.50 --- --- 2.4 2.4, 2.4
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-,

‘I!AHLE12.- FATIGUE-STRENGT13REDUCTIONFACTORS

FOR75S-T6AIUMINUMSKEETSPECIMENS

NC LOWSTRESSLEvELS

Fatigue-strengthreduction

Notch Load factor,Kf,at lifetimes

type ratio (cycles)of-

104 5X1O4 105 5X105 106 107
t

(a)FornotcheshavingKt = 2.0 andfor
nominalmaximumstress<38,000psi

Hole. -1.00 1.8 1.7 1.8 1.9 1.9
Edge -1.00 1.7 1.7 1.8 1.9 1.9
Fillet-1.00 1.6 1.7 1.8 1.9 1.9
Hole -.50 --- 1.8 1.9 ;.; 1.9
Edge -.50 --- 1.7 1.8 1.8
Fillet -.50 --- 1.7 1.8 1:8 1.8

(b)Fornotcheshaving~ = 4.0 andfor
nominalm@nnmnstress<19,000psi

1.9
1.9
1.9
L 9
1.8
1.8

Edge -1.00 3.1 3.2 3.2 3.8 4.0 4.0
Fillet -1.00 --- 2.9 3.1 3.2
Edge -.50 --- ;:2 ;:: 3=8 4.0 4.0
IYllet -.50 --- 2.6 2.6 2.8 3.0 3.1

—.———_ -. .—— ..—_—
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!l!Amzl13.- FATIGUE-STRENG’113REDUCTIOIlFACTORS

FORSAX4130S!CIIOZLSIDZ’1SPECIXIZl?S

AT LOW STRESSLEVELS

ENotchtype
Load
mtio

Fatigue-strengthreduction
factor,Kf, at lifetimes

(cycles)of -

5 x 104 105 5 x 105 106 107

I (a)Fornotcheshaving Kt = 2.0 andfor
nominalmximm stress<49,250psi

Hole -1.00 1.5 1.7 ~.8 1.9 1.9
Edge -1.00 1.5 1.6 1.7 1.7 1.7
Fillet-1.00 l.k 1.6 1.7 1.7 1.7
Hole -.50 --- ;.: 1.8 1.9 1.8.
Edge -.50 --- 1.7 1.9 1.8
Fillet -.50 --- 1:6 1.7 1.9 1.8

(b)Fornot&es hav5_ngKt = k.O and for
nominal-mum stressm <24,625~Si

T

2.9 3.3
2.4 2.6
3.0 3.2
--- 2.6

;.:

3:5
2.8
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m 14.- VMJJESOF ~ FQRPZWEPAL

ASSUMEDVALUES03’ Pf

~fe Radius, ValuelofNeuber’a “technicalstress-concentration

%
factor)”K~, for -

Not& (i.)
P’ = o.b2h p! =0.01 in. p~ = o.oo~ in. pt = o.~1 ~.

Hole 2 l.yoo 1.90 1.95 1.95 1.95
Ww 2 .3175 1.80 1.85 1.90 1.95
Fillet 2 .1736 1,7’5 1.80 1.83 1.95

Edge .0570 2..90 3.10 3.30 3.63
Fillet : .0195 2.W 2.75 3.00 3.45

%mputed, to the nearest 0.05, fram the relation:
=5=

K@+ Kt-l
1+~

Neuber suggests p1 = 0.0189 in.

I

1 wu

I
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10.75”(275”c-

et=.25”+
—

31825’

1
18 )&-

H0.375”50($

0.1736”Rl
*().0()10

0.3175“RAD.
Zo.oolo

-

.

NACATN 2389
.

62.25’

T
3.0”

50 /
5,0”

1

I

.

6.0”

, 81

I

(a) Hole-t~e
notch.

(b) Edge-cut
notch.

(c) Fillet-type
notch.

Figure1.-Notchedfatiguetestspecimenswith ~ = 2.0.
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H e

0.375”

I.500”

—

8.

=—

I

43”

*2.25”—

[0.0195”R D.
~o.0005

~

‘O. 0570”RAD,
fo.oolo

ARBITRARY

8.443”

0.375”

I.500”

—

—

—

I

17”

~

(a) Edge-cutnotch. (b) Fillet-typenotch.

Figure2.-Notchedfatiguetestspectienswith Kt . 4.0.
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Figure5.- Resultsof axial-loadfatiguetestson notched2hs-T3aluminum
sheetspecimens.q = 2.0.
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- Resultsof sxial-load fatigue tests onnotched24-S-T3aluminum
sheetspecimens.Kt = 4.0.
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Q = 2.0.
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